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Qualitative research methods, while rising in popularity, are still a relatively underutilized tool in public health
research. Usually reserved for small samples, qualitative research techniques have the potential to enhance
insights gained from large questionnaires and cohort studies, both deepening the interpretation of quantitative
data and generating novel hypotheses that might otherwise be missed by standard approaches; this is especially
true where exposures and outcomes are new, understudied, or rapidly changing, as in a pandemic. However,
methods for the conduct of qualitative research within large samples are underdeveloped. Here, we describe a
novel method of applying qualitative research methods to free-text comments collected in a large epidemiologic
questionnaire. Specifically, this method includes: 1) a hierarchical system of coding through content analysis;
2) a qualitative data management application; and 3) an adaptation of Cohen’s k and percent agreement statistics
for use by a team of coders, applying multiple codes per record from a large codebook. The methods outlined in
this paper may help direct future applications of qualitative and mixed methods within large cohort studies.

COVID-19; free-text comments; interrater reliability; large questionnaires; mixed methods; qualitative data
management; qualitative research; research methods

Abbreviations: COVID-19, coronavirus disease 2019; IRR, interrater reliability; PPE, personal protective equipment.

There are more things in heaven and earth, Horatio, than
are dreamt of in your [questionnaire].
Adapted from Hamlet (1)

Epidemiologists are experts at measuring quantitative
traits across populations using assessment instruments that
require study participants to choose from a set of categor-
ical response options (2). Questionnaires enable researchers
to efficiently accumulate vast amounts of quantitative data
from large samples. However, such “checkbox epidemiol-
ogy” can frustrate study participants and investigators alike.
To minimize participant burden and maximize participation,
questionnaires are usually kept as brief as possible (3).
Investigators often “leave on the table” questions of interest
they were unable to squeeze into a questionnaire. When
questionnaires require participants to distill complex life
events into checkbox responses that fail to capture the
totality of their experiences, misclassification and missing
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data can ensue. Another limitation of relying exclusively on
quantitative measures is the lost opportunity for unexpected
insights from participants: Investigators tend to query about
only the domains for which there already exist questionnaire
instruments (4). In unusual and fast-changing times, such as
during a pandemic, it may be difficult to anticipate all the
exposures and outcomes experienced by study populations
that will inform public health and medicine. Further, when
circumstances are evolving rapidly, an instrument designed
at one moment in time may prove outdated by the time it is
fielded.

In contrast, qualitative research includes techniques for
collecting, organizing, and interpreting nonnumerical data
from in-depth interviews, focus groups, conversations, writ-
ten text, and visual formats (e.g., photography, drawings).
The goal of qualitative research is to understand phenomena
by studying participants’ own interpretations of their expe-
riences (5). Whereas quantitative research aims to address
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prespecified problems through deductive reasoning, qualita-
tive research relies on inductive probing to capture the rich
depth and diversity of experiences, utilizing broad prompts
to afford individuals freedom in their responses (6). Quali-
tative methodology creates thematic categories that emerge
directly from the data and analyzes their relationships (7).
This is especially informative when investigators want to
understand the context of complex, multifactorial public
health problems; to pursue research in populations or con-
tent where survey instruments have not been developed or
validated; or to examine emerging diseases or understudied
populations and exposure-outcome relationships (8). How-
ever, because the purpose is to understand deep contextual
information, qualitative approaches are traditionally modest
in sample size (n << 200) (9) and prioritize homogeneity
over generalizability (10), rendering them less attractive to
epidemiologists.

While the superiority of quantitative or qualitative re-
search is widely debated, both approaches have strengths
and weaknesses (4, 11). Recent studies have leveraged the
strengths of both methods through mixed-methods research
(12). However, sample size can be a challenge for mixed-
methods studies because, traditionally, quantitative research
demands large samples to detect statistically significant dif-
ferences and generalize findings, while qualitative research
samples focus on depth and rarely exceed 200 participants
9, 13).

There is an opportunity to apply qualitative research meth-
ods to large populations by taking advantage of free-text
comment boxes on questionnaires. Current questionnaires
often include comment boxes for logistical purposes, such
as detecting address changes or giving participants a place
to vent about unsatisfactory items. Such comment boxes
may also offer an overlooked opportunity to collect qual-
itative data. Especially with the use of prompts, free-text
comments might be mined to enrich a study’s findings, help
inform future research questions, and elevate the voices of
study participants as part of the research process. Qualitative
research may provide contextual information to complement
quantitative findings. While investigators may skim partici-
pant comments to monitor complaints or mine a few anec-
dotes, this approach misses the chance to rigorously explore
themes raised by participants through application of system-
atic qualitative research methods that reduce bias, improve
insight, and increase reproducibility. To our knowledge,
no other studies have analyzed open-ended qualitative data
from very large survey samples (n > 1,000), and methods
have yet to be developed for this context.

Our objective was to develop a methodological approach
for analyzing open-ended qualitative data collected from a
large participant sample. In this paper, we describe a novel
process which was developed and used to apply qualita-
tive research methods to a series of coronavirus disease
2019 (COVID-19) questionnaires returned by 58,614 partic-
ipants in 3 US longitudinal studies (Nurses’ Health Study II,
Nurses’ Health Study 3, and the Growing Up Today Study),
of whom 32,947 (56%) contributed free-text comments. (See
Web Appendix 1, available at https://doi.org/10.1093/aje/
kwad030, for more details on application of this method
to our specific study, including participant flow and survey

response (Web Appendix 1, Web Figure 1) and characteris-
tics of respondents and nonrespondents (Web Appendix 1,
Web Table 1).)

METHODS
Design and positioning of open text boxes

Electronic questionnaires can include any number of free-
text comment boxes with prompts of varying specificity.
For example, the baseline questionnaire of our COVID-19
survey included 4 comment text boxes: 2 unprompted boxes
labeled “Comments” following questions about COVID-19
symptoms and diet-related questions; a specific prompted
box about personal protective equipment (PPE) that was tied
to a study aim (“Please include any information about your
use of improvised, non-standard PPE”); and a more general
prompted box at the end of the questionnaire (“We are
interested in learning more about your experiences during
this pandemic. Please add anything else you would like
to tell us here.”). The length of the free-text comments
should not be restricted; in reviewing tens of thousands of
comments, very few were longer than a short paragraph.
The placement of the comment boxes after specific items
is likely to invite comments related to those questions;
for example, we received many comments about immune-
boosting supplements in the unprompted box that followed
the dietary assessment.

Overview: codebook development and qualitative data
analysis

Qualitative content analysis (14, 15) can be used to inter-
pret the meaning of participants’ free-text comments, using
codes (topic labels) derived and assigned by trained indi-
viduals reviewing the text (coders) based on their consensus
interpretation of the text. This involves an iterative process
performed by the coding team consisting of coding, memo-
ing, calculating interrater reliability (IRR), and testing and
revising a codebook dictionary. This process continues until
data saturation is reached (i.e., when no new information
or insights emerge from reading additional records) (16).
Coders purposively sample participants across groups (e.g.,
age, sex, race/ethnicity, geography, or exposures of interest
(e.g., occupational or pregnancy status)) within the cohort to
ensure saturation is based on a representative sample of the
data (17).

Coding: open, axial, and selective

Three phases of coding are performed: open, axial, and
selective. The process starts with open coding, in which a
team of coders independently reviews free-text comments
from the same set of records (e.g., n = 200) to iden-
tify preliminary codes. Using content analysis, each coder
employs an inductive approach to open-code these free-text
comments, individually identifying and defining their own
set of preliminary codes (18).

After open coding, axial coding occurs as coders convene
to compare their individual preliminary codes, explore
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relational patterns qualitatively detected among the codes
while reviewing the text responses, and organize them under
broader categories, called “parent codes.” Our initial code-
book sought to broadly capture all emergent themes relevant
to the pandemic, resulting in a codebook dictionary with
over 150 codes. However, coders in later projects with more
focused aims (e.g., experiences of pregnancy among health-
care workers during the pandemic) created their own code-
books with a limited number of focused codes. These “parent
codes” and the “codes” nested under them formulate the first
version of the codebook dictionary. The coders establish
definitions for each code, articulate inclusion and exclusion
criteria (when to use and not use each code), and identify an
example of correct application. Table | depicts an example
of several codes that were organized under the parent code
of “Child Care and Concern” in our COVID-19 study.

Once the first version of the codebook dictionary is cre-
ated, coders proceed to selective coding. In this third stage,
coders use the codebook dictionary to assign codes to both
previously reviewed and newly sampled records. While the
primary focus of selective coding is not to create new codes,
coders make note of new themes that emerge to discuss
with the coding team after each round of coding, which may
result in revisions to the codebook dictionary. After each
round of revision, more records are sampled and coded, and
previously reviewed records are reviewed again to apply any
changes in each iteration of the codebook dictionary. For
efficiency, if the round of revision only modified existing
codes (e.g., redefined the definitions of existing codes
and inclusion/exclusion criteria, renamed codes, merged
codes) without adding new codes, then coders rereviewed
only records that had been assigned modified codes. In
cases where distinct new codes were added, all previously
reviewed records were rereviewed. IRR statistics are calcu-
lated in the selective coding phase to evaluate each iteration
of the codebook dictionary. Specifics of the IRR calculation
and codebook revision process are detailed below.

Calculating interrater reliability: the IRR application

The quality of the codebook dictionary is monitored by
frequent checks of IRR during the selective coding phase.
Low IRR results prompt revision of the codebook dictionary.
Two measures of IRR are commonly used:

1. Percent agreement (Pr(a)), which is calculated by
dividing the number of agreements (records to which
coders applied the same code) by the total number
of agreements plus disagreements (records to which
coders did not apply the same code), and

2. Cohen’s kappa (k) (19, 20), which accounts for per-

cent chance agreement (Pr(e)) and is calculated as
Pr(a)—Pr(e)
1—Pr(e)

For efficiency, a large set of records requires a team of
coders. Cohen’s k, conventionally used to measure IRR, is
limited in that it is designed to compare 1) only 2 coders
and 2) the assignment of only 1 code per record (20). Fleiss
(21) introduced an adaption that permitted multiple coders.
However, Fleiss’ k requires that each record be assigned
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the same number of codes. We wished to allow coders the
flexibility to assign multiple and varying numbers of codes
per record, so as not to constrain the depth and completeness
of the codebook. Recently, Krippendorft’s o has been pro-
posed as an alternative IRR statistic to accommodate various
numbers of codes assigned per unit of text and numbers of
coders (22); however, it is not yet technically possible to
calculate this statistic within a large data set (Dr. Richard
Craggs, University of Leicester (Leicester, United King-
dom), personal communication, 2021). Thus, we adapted
Cohen’s k, following the method used by NVivo (QSR Inter-
national, Burlington, Massachusetts), the industry standard
for qualitative data analysis, to derive average k values and
Pr(a) across multiple coders and codes (23). The specific
calculations and their automation are fully described in Web
Appendix 2, which depicts the calculations of IRR between
any 2 coders (Web Appendix 2, Web Figure 2) and across
coders (Web Appendix 2, Web Figure 3). The spreadsheet
for calculating IRR statistics, as well as written and video
guides to its use, are included in Web Appendices 3 and 4 and
Web Video 1. Briefly, we sought to generate the following k
statistics and their 95% confidence intervals.

* Within each pair of coders:

* k for each code (within-pair, each code (WPEC)),
KWPEC

* Average k across all codes (within-pair, all codes
(WPAQ)), kweac

e Across all coders:

¢ Average k for each code (across pairs, each code
(APEC)), kaPEC

* Grand average (GA) k across all codes and coders,
KGA

Pr(a) was calculated in a similar manner.

For both IRR statistics, we scored agreement for codes at
the participant level—that is, across all free-text comments
provided by each participant. (We use “record” to refer to
all available qualitative responses provided by a given par-
ticipant across all free-text comment boxes.) An alternative
would be to score agreement across each free-text comment
box separately. The IRR statistics were calculated as the
arithmetic means between pairs of coders, across all coders
for each code, and as a grand average across all coders
and codes. These IRR statistics have varying functions in
developing the codebook, training new coders, and reporting
final codebook reliability.

Testing and revising the codebook dictionary

The iterative process of developing the codebook dictio-
nary in the selective coding phase follows the cycle depicted
in Figure 1.

First, for each iteration of the dictionary, coders apply
any new codes to both the previously coded records and a
new set of records. IRR is tested through “double-coding” of
new records by multiple coders. For example, each of the 5
coders in our study was assigned 200 records to code, plus 20
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Abbreviations: COVID, coronavirus disease 2019; NYC, New York City.

2 Individual codes nested under the parent code “Child Care and Concern” and the corresponding definitions for each code, inclusion and exclusion criteria, and an example of correct

application.

records from each of the other 4 coders’ sets of 200 assigned
records (for a total of 280 records reviewed by each coder).
Thus, a total of 1,000 records were reviewed by the coding
team, and 100 of these 1,000 records were coded by all 5
coders to test the IRR.

Second, after coding, IRR is calculated. Investigators
should decide upon a target/minimum IRR to guide when the
codebook requires further revision (if the IRR falls below
that target) or is adequate to proceed with coding of new
records (if the IRR meets or exceeds that target). One such
threshold might be kga > 0.6; a traditional Cohen’s k value
greater than or equal to 0.6 signifies at least a moderate
level of agreement (20). If the prespecified threshold is met,
coders proceed to review new records in batches of 100-
300 per coder with periodic IRR checks of a subset of those
records (e.g., 50-100) to ensure both continued agreement
among coders and that no new codes emerge from new
records. An IRR check is also initiated when a new coder is
added to the team or a previous coder returns from a hiatus.
If kg falls below the threshold, coders should review codes
for which kapgc was especially low (in our case, less than
0.4), evaluating the clarity of the code definition and the
ease of recalling the code’s definition based on its name
(by focusing on codes with kapgc < 0.4, we were able to
efficiently increase kga to >0.6). At this stage, coders might
discuss whether the infrequent use of some codes reflects the
particular sample of records or whether the code would be
unlikely to be applied in the larger set of records. If the latter,
coders may merge it with another code or remove it from the
codebook dictionary entirely. If the unused or infrequently
used code is retained, coders should reevaluate it at the next
IRR check.

Third, if changes are proposed, the coders revise the code-
book dictionary to add or subtract codes, reorganize group-
ings, combine existing codes, or revise the definitions of
existing codes. The cycle begins again with the (re)reviewing
of records with the revised codebook until kga reaches the
criterion threshold.

This iterative process results in multiple versions of the
codebook dictionary. By design, data saturation cannot be
attained until the codebook dictionary is finalized. Once the
coders reach data saturation, all themes have been identified
and captured in the codebook dictionary and no further
records are required to be sampled and coded. However,
investigators may continue to code records to increase rep-
resentation of their sample; we chose to code at least 5%
of the total records with free-text comments, sometimes
oversampling particular groups to improve our contextual
knowledge of those groups.

Quantitative analysis usually compares participants who
were in/eligible or who did/did not return a questionnaire
or respond to a particular item. The sampling frame of an
epidemiologic study affords the opportunity to compare the
characteristics of participants who did and did not contribute
comments, or whose comments were or were not selected
for coding; this is not typical of qualitative studies but
can be leveraged to further understand the data and the
context of comments analyzed (e.g., see Web Table 1 in Web
Appendix 1).
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A)

2. IRR and
Other Coding
Evaluations

Do IRR Metrics Meet Predetermined
Threshold (e.g., K_,> 0.6)?

GA—

/ |
Yes No

1. Selective
Coding

3. Codebook

Dictionary
Revision

200 Unique
Records
Assigned

200 Unique
Records

Records
Assigned

Records
Assigned

Records
Assigned

Figure 1. Schematic overview (A) of the iterative test and revision
process used to develop the codebook dictionary using interrater
reliability (IRR) metrics. Stage 1: selective coding of records with
codes outlined in the codebook dictionary. “Double-coding” of records
for IRR checks takes place. For example (B), each coder codes 280
records, the coding team reviews 1,000 records in total, and 100 of
the 1,000 records are coded by all coders for the IRR check. Stage 2:
an IRR check is performed. Coders discuss the coding process and
propose new codes or changes to the codebook dictionary based
on codes with low agreement. Stage 3: revision to accommodate
changes discussed at the previous stage. kga represents the grand
average (GA) « value across all codes and coders.

Developing the codebook application

To store, organize, and assign codes from the codebook
dictionary to records and to quantify data at different
levels of codes, we developed a new qualitative data
management application using Microsoft Excel (Microsoft
Corporation, Redmond, Washington), which we named the
Codebook Application. A spreadsheet template for the
Codebook Application and detailed information about its
use are included in Web Appendices 5-7; a video guide

to the codebook is included in Web Video 1. Commercial
software that could be used for this process includes
NVivo (24). However, reported drawbacks of NVivo include
cost and time-consuming learning processes due to the
overwhelming amount of functions (25). Unlike NVivo,
our application is free to use and does not require coders
to have proficient knowledge of any software (including
Excel) to load thousands of participant records (including
both quantitative data and free-text comment boxes) into
the workbook, assign codes, and calculate IRR. The main
skills required for our Excel-based Codebook Application
are the ability to organize codes and parent codes in a table,
select labels from a drop-down box, and copy and paste cells
from one worksheet to another. In addition, while NVivo and
similar software allows concurrent multiuser access so that
multiple coders can code the same records at the same time,
this collaboration depends on Internet connectivity (26). The
Codebook Application integrates with our IRR Application,
which, as previously discussed, innovates upon existing IRR
methods (i.e., Cohen’s k, Fleiss’ k, Krippendorff’s o) to
accommodate various numbers of codes assigned per unit
of text, multiple coders, and large data sets.

The Codebook Application allows coders to import par-
ticipant records (identification and comment fields) into a
spreadsheet and search for codes to assign to those records
from drop-down menus that enable easy location of codes
(in Web Appendix 6, Web Figure 4 shows a sample code-
book entry; Web Figure 5 gives an example of parent and
child codes; and Web Figures 6 and 7 depict the linkage
of worksheets within the Codebook Application). Linked
spreadsheets calculate IRR statistics, enabling coders to
measure the quality of the codebook and identify inconsis-
tently applied codes (Web Appendix 2).

Memoing: a practice of self-reflexivity

While analyzing comments, the coding team members
record their thoughts and interpretations of the data through
the process of memos. Memos, like a journal entry, include
reflections on the analysis process, questions about ambigu-
ous data, ideas about the codebook, and interpretations of
and connections formed between larger themes revealed in
the data. Memos aid in the process of developing consensus
in the application of codes and code definitions between
coders, as they enable each coder to articulate individual
thoughts and prompt the group to examine multiple perspec-
tives and proposed theories.

Qualitative analysis and manuscript preparation

Once coding is complete, investigators can perform purely
qualitative or mixed-methods analyses. The selection of
manuscript topics may be driven by high-frequency codes
(reflecting their salience) or by novel insights gleaned by the
coders during the analysis process.

With a large codebook, investigators need to select the
most relevant codes to include in their analysis. For example,
although we created a broad, general codebook dictionary
covering all pandemic-related topics, for an article regarding
health-care workers’ use of PPE we chose to work with
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5 codes under the parent code “PPE,” 2 codes under the
parent code “Virus Spread Concern,” and 1 code under the
parent code “Work Stressors.” Typically, relevant codes are
presented in a table in the publication with their definitions.

Codes can be used in many ways, including: to count
the frequency of codes; to identify patterns across codes;
and to gain contextualized information through illustrative
quotations for inclusion in the manuscript. For example,
the “PPE policy” code was applied to 6% of active health-
care workers’ records. We then examined the distribution
of the code according to the quantitative domains captured
in the questionnaire, including whether the participant had
treated patients with COVID-19, whether the participant had
adequate PPE access, and the COVID-19 mortality rate of
the census region in which the participant lived. Finally, the
following representative quotation was identified in a record
assigned the “PPE policy” code:

Our hospital administrators told us ‘per the CDC’ we
didn’t need N95s unless doing an aerosolizing procedure.
They didn’t routinely provide them at first. Five nurses
got sick from this one patient. Our charge nurse was fired
for speaking up about PPE.

The baseline questionnaire included a prompted comment
box about PPE, so the many responses about PPE were ex-
pected. Other responses, particularly those from the prompt
“Tell us about your experiences during the pandemic,” were
more surprising. Several insights detected through coding of
early questionnaires prompted us to incorporate new quan-
titative questions in subsequent questionnaires regarding
gratitude, furloughs, parenting/work conflicts, and discrim-
ination against health-care workers.

The pluripotent nature of cohorts and open coding can
yield many topics and treatments, ranging from purely qual-
itative approaches to mixed methods and largely quantitative
analyses illustrated by quotations.

DISCUSSION

The application of qualitative research methods to par-
ticipants’ free-text comments allows participant perspectives
to expand the breadth and depth of inquiry. The themes
that emerge are probably broader than the restricted topics
covered by most questionnaires; they inform the interpre-
tation of quantitative data, permitting a triangulation across
different types of data. Qualitative themes may suggest new
hypotheses and prompt future data collection to test these
hypotheses. Advantages of applying this approach in large
studies over small, focused samples typical of qualitative
research are the pluripotent comparisons and diverse
perspectives enabled by the sheer number of respondents;
for example, contrasts can be made according to factors
such as demographic characteristics, occupational status,
parental status, geographic region, and local rates of disease.
Depending on the data set, it may be possible to explore
the experiences of several intersectional marginalized
identities. In this way, applying qualitative methods to a
large study sample, as described here, can be analogous to
conducting multiple qualitative studies in one, increasing
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efficiency and breadth of insights gained from a single
participant population and data source (e.g., questionnaire).
One limitation of the large sample-based qualitative re-
search approach we propose here is its inability to probe
participants’ responses in real time. Traditional qualitative
research projects with small-to-modest sample sizes can
achieve greater depth of insight by responding to participant
cues during interviews and focus groups to probe topic-
s/themes that arise—something that is impossible in the
context of a large survey.

There is an inherent tension between breadth and depth;
the application of qualitative methods to large surveys car-
ries both the best and the worst of its parent disciplines. In
a 1993 editorial, Britten and Fisher noted, “There is some
truth in the quip that quantitative methods are reliable but not
valid and that qualitative methods are valid but not reliable”
(27, p. 271). While qualitative research employs IRR to
improve reproducibility, there are ongoing philosophical
and practical debates about the purpose, choice, limitations,
and interpretation of IRR statistics; these considerations are
discussed in Web Appendix 8. The philosophical objection
to IRR statistics is that they preference consensus above
discovery; this debate also occurs regarding the handling
and value of outlier data in quantitative sciences. Too much
agreement among coders can reflect a lack of diversity of
viewpoints and limit the generalizability of the codebook.
Disagreements between coders may be as valuable as their
consistency (28). There are also practical exceptions to IRR
statistics. For example, critics of IRR statistics note their
vulnerability to factors such as the length of the text segment,
the number of codes within a codebook, the frequency with
which codes are applied, and asymmetrical application of
codes between coders (29). Thus, the importance of IRR
may depend on the aims or context of a study. Ultimately, the
best use of IRR in qualitative research may lie in the internal
process of improving the codebook and training new coders.

Consensus and discovery are both involved in the research
approach proposed here, but their contributions and value
vary by stage. During the process of developing the code-
book dictionary, discovery and consensus run in parallel,
driving the iterative nature of the codebook dictionary revi-
sion process. Through discovery, new codes and identifi-
cation of patterns are proposed by individual coders. By
consensus, these discoveries are refined and incorporated
into the codebook dictionary. Consensus ensures that all
coders agree on the definition and proper application of the
codes. Whereas quantitative researchers often identify and
remove outliers for analysis, qualitative researchers com-
monly seek out and give voice to the apparent outliers. Infor-
mation gained by probing discordant responses can provide
valuable insights and ensure that the findings reported from
qualitative or mixed-methods research accurately reflect the
nuances of the lived experiences of participants.

The work detailed here adapted and extended traditional
qualitative research techniques, typically used on modest-
sized samples (9), for application to large questionnaires
with prompted or unprompted free-text comment boxes. To
our knowledge, this approach is novel in large epidemiologic
studies. Adding a qualitative research component to large
surveys may be especially useful in research endeavors
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at the “edge” of our knowledge: Novel situations (e.g., a
pandemic), emerging new diseases (e.g., “long COVID”
or the new Diagnostic and Statistical Manual of Mental
Disorders diagnosis of “prolonged grief disorder” (30)),
cases where investigators realize that existing instruments
map imperfectly onto complex phenomena, and the “lived
experience” of people may be hard to capture in a 10-item
survey. Qualitative research allows for unexpected findings
and adaptation. From data collection to codebook develop-
ment to IRR tests, these methods can facilitate the appli-
cation of qualitative methods within large-scale population
questionnaires to stimulate new breadth and depth of discov-
ery, beyond what can be achieved with quantitative methods
alone.
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